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ABSTRACT 
Quantifying hopping and landing performances can assist coaches in identifying young male 
soccer players who may be at increased risk of injury. The influence of chronological age and 
maturation on these measures in this population are unknown. Single leg hop for distance 
(SLHD) and 75% horizontal hop and stick landing force (75%Hop) were examined in a cross-
sectional sample (N = 400) of elite male youth soccer players. Between group differences for 
both chronological age (U11-U18) and stage of maturation (pre-, circa- or post-peak height 
velocity (PHV)) were analyzed. Absolute 75%Hop increased with both age and maturation. 
Apart from the U18s, pre-PHV and U11-U12 players displayed the greatest relative landing 
forces compared to all other groups (p < 0.001; d = 0.56 – 0.93). Absolute and relative SLHD 
were greatest in the U18s and post-PHV players (p < 0.001; d = 0.35 – 2.04). A trend showed 
increased SLHD with each consecutive age group although a reduction in performance was 
identified in the U13s (d = 0.50 to 0.59). High volumes of accumulated soccer participation in 
the U18s may lead to altered landing strategies indicative of high injury risk. A temporary 
reduction in hop performance in the U13s may also be linked to a period of adolescent 
awkwardness.  
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 INTRODUCTION 
Recent data indicate that male youth soccer players are a target group who would benefit from 
injury risk-reduction strategies (30), with periods of heightened risk associated with rapid 
growth (34). Dynamic movements that underlie injury in male youth soccer include running, 
decelerating, over-stretching for a ball or when tracking an opponent, regaining balance after 
a kicking action and landing from a jump (24, 35). In adult male (10, 32), and female soccer 
players (5, 22), altered neuromuscular control has been shown as a predictor of injury. Less 
information is available in youth and there is currently a paucity of literature that has 
specifically examined the effects of chronological age and maturation on measures of 
neuromuscular control in elite male youth soccer players. 
        Due to the physical demands of elite male youth soccer (2), the associated injury risk (24), 
and the number of children and adolescents who participate in the sport (7), there is a clear 
need for increased evidence within male youth soccer players to identify age and maturation 
specific injury risk factors (1, 26). A range of time efficient, non-invasive field-based methods 
have been developed to screen an athlete’s level of movement skill and injury risk during 
jumping and landing tasks (6, 20). Unilateral landing forces that are greater than three times 
body weight (19) and reduced single horizontal hop distances (11) have previously been 
reported as risk factors for injury. Recent data also indicate that jumping tasks using force plate 
diagnostics can be reliably used with elite male youth soccer players and easily implemented 
in the field setting (27). However, the relative influence of chronological age and maturation 
on these measures in this population is currently unknown. 
        Previous research investigating the effects of age on maximal jump performance has 
demonstrated a general trend of performance increases associated with age (8, 16, 23). This 
indicates that youth will naturally enhance performance during growth and maturation; 
however, variation may be evident with various peaks and declines based on performance level 
and stage of maturation (16, 23). Research in youth populations has primarily used jumping 
tasks and included outcome variables that are biased towards performance and power 
derivatives (3, 8, 17, 23). Less age and maturation specific research is available that have 
examined kinetic data during landing. 
          The available literature shows a concomitant reduction in relative landing forces with 
maturation in male youth (14, 25). Increases in jump height, reductions in normalized landing 
forces and an enhanced ratio of landing to take off force has also been shown with each stage 
of maturation in young male athletes (14). These data indicate that males concomitantly 
enhance their ability to attenuate force and develop power as they mature (14). However, the 
majority of studies have utilized bilateral drop vertical jump landing tasks (9, 13, 14, 25) with 
less information available to examine unilateral landings which may be more ecologically valid 
for soccer players (27). The effects of age and maturation on landing forces during single leg 
jumping tasks requires further investigation.  
          Quantifying jumping and landing forces during single leg tasks can assist coaches in 
identifying young players who demonstrate high risk kinetics and developmental trends 
associated with chronological age and maturation. The current study aims to examine possible 
age and maturation-related differences in performance during practically viable screening 
assessments using a large cross-sectional sample of elite male youth soccer players. 
 
METHODS 
Participants 
Four hundred elite male youth soccer players from the academies of six English professional 
soccer clubs volunteered to take part in the study. Descriptive statistics for each chronological 
age and maturation group are displayed in tables 1 and 2 respectively. Predicted maturational 
status was calculated using a previously validated regression equation (18). None of the players 
reported injuries at the time of testing and all were participating regularly in football training 
and competitions. Parental consent, participant assent and physical activity readiness 
questionnaires were collected prior to the commencement of testing. Ethical approval was 
granted by the institutional ethics committee in accordance with the declaration of Helsinki. 
 
***** insert tables 1 and 2 near here ***** 
 
Experimental design 
A cross-sectional design was used to examine the effects of chronological age and stage of 
maturation on single leg jumping and landing performance. Participants were required to attend 
their respective club’s training grounds on two occasions separated by a period of seven days. 
The first session was used for familiarization and the second session was used for data 
collection. Standardized procedures were replicated at each test session including the warm up, 
test set-up and participant instructions. This included eating according to their normal diet, not 
drinking substances other than water one hour prior to each test session and refraining from 
strenuous exercise at least 48 hours prior to testing. Three trials of each test were performed 
with the mean score reported. One minute of recovery was allowed between trials based on 
previous recommendations (6).  
 
Procedures  
Biological Maturity: Stage of biological maturation was assessed using a previously validated 
and non-invasive regression equation (18), comprising measures of chronological age (yrs), 
body mass (kg), standing height (cm) and sitting height (cm).  
          Single leg hop for distance (SLHD). Hop distances were recorded using a tape measure 
marked out to a length of 3 m. Players began by standing on the designated test leg with their 
toe on the marked starting line, the hip of the free leg flexed at 90° to avoid contralateral 
propulsion, and their hands on their hips. Participants were instructed to hop forward as far as 
possible, landing on the same leg with the hands remaining on their hips throughout. For each 
test to be recorded, players had to stick the landing and hold for three seconds without any 
other body part touching the floor in accordance with previous guidelines (11). The test was 
performed on both legs and the distance in line with the heel was recorded to the nearest 0.1 
cm using a ruler stick to increase accuracy of the measurement. The reliability of maximum 
hop distance during this test has previously been shown as acceptable (28). 
Single leg 75% horizontal hop and stick (75%Hop). A tape measure was marked out to 
a 3 m distance and taped to the floor on a horizontal line with the 0 cm mark positioned in line 
with the centre of a force plate (Pasco, Roseville, California, USA). Participants began by 
standing in line with the force plate on the designated test leg, hands on their hips and toe in 
line with a distance marker on the tape measure representing 75% of their predetermined 
maximal single leg hop and stick performance. Previous literature has utilized similar testing 
protocols and standardized the hop distance based on either an arbitrary figure (19) or leg 
length; however, it was the goal of the current study to devise a test that was representative of 
the individual’s level of physical performance. Pilot testing indicated that 50% and 100% of 
maximum hop distance were too easy and difficult respectively. Thus, 75% provided a 
sufficient challenge to examine the participants landing kinetics while maintaining adequate 
reliability (27). Participants were instructed to hop forward onto the force plate, landing on the 
same leg with the hands remaining on their hips throughout. For each test to be recorded, 
players had to stick the landing and hold for three seconds, remaining as still as possible without 
any other body part touching the floor. Peak landing vertical ground reaction force (pVGRF) 
was measured for each jump. The initial ground contact was defined as the point when vertical 
ground reaction force first exceeded 10 N. Both absolute pVGRF and values normalized to 
body weight were calculated. All data were recorded at a sampling rate of 1000 Hz and filtered 
through a fourth-order Butterworth filter at a cut-off frequency of 18 Hz.  
 
Statistical analysis 
Descriptive statistics for each test were calculated for each sub-group. A one-way analysis of 
variance (ANOVA) was performed to determine the existence of between group differences 
for all outcome measures. The level of significance was set at alpha level p ≤ 0.05. 
Homogeneity of variance was tested by Levene’s statistic, and where violated Welch’s 
adjustment was used to calculate the F-ratio. Post-hoc analysis to determine significant 
between group differences was assessed using Gabriel’s or Games-Howell tests when equal 
variance was or was not assumed respectively. Separate analyses were performed to examine 
between group differences for a range of chronological age groups that are representative of 
those used in an elite soccer academy (U11-U18). A secondary analysis was also employed, 
grouping players by maturation (pre-, circa- or post-PHV). To account for the reported error 
(approx. 6 months) in the equation (18), players were grouped into discrete bands based on 
their maturational offset (pre -PHV = <-1, circa-PHV = -0.5 to 0.5, post-PHV = >1). Players 
who recorded a maturational offset between -1 to -0.5 and 0.5 to 1 were subsequently removed 
from the data set when players were analysed by stage of maturation. Cohens d effect sizes 
(ES) were calculated to interpret the magnitude of between group differences using the 
classifications as proposed by Cohen (4): standardized mean differences of 0.2 (small), 0.5 
(medium), and 0.8 (large). Paired samples t-tests were also used to assess differences in 
performance between limbs. All data were computed through Microsoft Excel® 2010, while 
ANOVAs and t-tests were processed using SPSS® (V.21. Chicago Illinois).  
 
RESULTS 
Absolute SLHD scores for each chronological age and maturation group are displayed in 
figures 1a and 1b, depicting a trend of increasing hop distance with advanced age and 
maturation. A significant increase in hop distance was reported between consecutive age 
groups from the U14s onwards with medium to large effect sizes (d = 0.65 – 0.84). Hop 
distances were lower in the U13 age group in comparison to both the U12s and U14s on both 
legs; however, this reduction was statistically significant compared only to the U14s (p < 0.05) 
(d = 0.65 to 0.84). Effect sizes for all other age group comparisons ranged from small to very 
large (d = 0.23 – 2.58). When analyzed by maturation, significantly greater hop distances were 
shown in the post-PHV participants than all other maturation groups on both legs (p < 0.001), 
corresponding to a large effect size (> 1). Circa-PHV players displayed significantly greater 
hop distances than those in the pre-PHV group on the right leg only (p < 0.05; d = 0.56). Within-
group analysis showed no significant difference between limbs. 
         Hop distances normalized to leg length are displayed in figures 3 and 4. Scores were 
lower in the U13 age group in comparison to the U12s and U14s (d = 0.50 to 0.59). A 
significant increase in hop distance was present from the U13s to U14s on both legs (p < 0.05; 
d = 0.52-0.58). The U18 age group achieved significantly greater hop distances relative to leg 
length than all other groups on both legs (p < 0.001; ES range d = 0.57 to 1.71) apart from the 
U16s on the right leg. Maturation analyses showed that relative hop scores were significantly 
higher in post-PHV players on both legs with small to medium effect sizes (p < 0.001; d = 0.35 
to 0.54). No other group comparisons were statistically significant and displayed trivial effect 
sizes. Within-group analysis showed no significant difference between limbs. 
 
***** insert figures 1 a - d near here ******                       
 
          Absolute pVGRF experienced by each chronological age and maturation group during 
the 75%Hop are displayed in figures 2a and 2b. A trend of increased landing forces with 
advances in both chronological age and maturation were evident. The youngest age groups 
(U11 and U12) had significantly lower absolute landing forces than the oldest four age groups 
(U14 – U18) (p < 0.001; d = 0.62 – 3.18). When analyzed by maturation, significantly greater 
landing forces were displayed on both legs in the post-PHV players than all other groups (p < 
0.001; d = 1.10 – 1.40). Within group analysis showed that right leg landing forces were 
significantly greater than the left (p < 0.001).  
          Relative to body weight, 75%Hop landing forces were highest in the U11 and U12 age 
groups and then displayed a trend of reductions with age (figure 2c); however, an increase was 
present in the U18 age group who experienced significantly greater relative forces than the 
U15s and U16s (p < 0.001; d = 0.71 - 1.05). The lowest relative landing forces were shown in 
the U16s on both legs and this was statistically significant from all other age groups except the 
U15s. Maturation analyses indicated that pre-PHV display the greatest landing forces relative 
to body weight which were significantly greater than all other groups (figure 2d), 
corresponding to medium and large effect sizes (p < 0.001; d = 0.56 – 0.93). Within-group 
analysis showed landing forces were significantly greater on the right leg (p < 0.001). 
 
***** insert figures 2 a - d near here ****** 
 
DISCUSSION 
The current study examined the effects of chronological age and maturation on single leg 
jumping and landing performance in elite male youth soccer players. Results showed that 
absolute peak landing forces increased with both age and maturation. When normalized to body 
weight, a more variable pattern was evident across different chronological age groups and 
maturational stage, with pre-PHV players displaying the highest relative forces. Single leg hop 
distances also increased with each consecutive chronological age group apart from the U13s 
where a reduction in performance was identified. The same pattern of heightened performance 
with maturation was also shown. After adjusting the scores relative to leg length, the U18s still 
achieved the greatest hop distances; however, more variability was noted in respective age 
group comparisons, particularly around periods of rapid growth. Post-PHV players were also 
still the most effective performers with nominal to no differences between those in the pre and 
circa PHV groups. 
          Peak vertical landing forces increased linearly with age and maturation, which is likely 
due to increases in body weight and muscle mass. Conversely, pre-PHV players displayed 
significantly greater normalized landing forces than all other maturation groups, and a trend 
was shown of younger players (U11-U13s) experiencing higher ground reaction forces relative 
to body weight. Conflicting data has shown a reduction in normalized landing forces with each 
advancing maturation stage indicating that force attenuation improves with maturation (14). 
However, it has been suggested that younger children land with different kinematic strategies 
to adults, characterized by reduced knee and hip flexion angles (33). The described landing 
position is indicative of a stiffer landing in which ground reaction forces and joint torques may 
increase (33). In-spite of this, injury risk is reportedly low in this group (24), and intuitively 
higher relative ground reaction forces may be offset by lower body mass, shorter statures and 
slower intensities of play in comparison to older players. 
           Absolute single leg hop distances generally increased concomitantly with age and 
maturation on both the right and left legs. These findings are consistent with previous literature 
using jumping tests in male youth soccer players (8) and may be due to rises in muscular 
strength as a result of growth and maturation. This notion is supported by research showing 
that the standing long jump test has demonstrated strong relationships with lower body 
muscular strength in youth athletes (3). 
          Between the U12s and U13s, a reduction in both absolute and relative hop distances was 
evident, with significant increases in performance subsequently shown in the U14s. This could 
be attributed to a period of ‘adolescent awkwardness’ due to rapid increases in limb length, 
which can lead to young soccer players experiencing temporary decrements in motor skill 
performance and neuromuscular function approximately 12 months prior to PHV (23). Large 
percentage changes in leg length were evident between the U12s and U13s, indicating that the 
U13s were at the start of the growth spurt. Significant increases in relative hop distances 
between the U13 - U14 age groups may suggest the presence of an adolescent spurt, 
characterized by gains in muscular strength and power, occurring shortly after PHV (17, 23). 
This is supported by the maturational analyses, whereby, small and largely non-significant 
differences were shown between pre and circa-PHV players in both absolute and relative hop 
distances. This was followed by larger and significant increases by those in the post-PHV 
group, indicating that horizontal jump performance shows greater improvements that could be 
attributed to a more advanced training age, increased strength and motor control in the later 
stages of maturation. 
          Poor attenuation of ground reaction forces upon landing in-spite of improvements in 
jumping performance may heighten injury risk in youth players. In the current study, the 
presence of a neuromuscular spurt leading to enhanced jump performance (as evidenced by 
significant increases in single leg hop distances between the U13s and U14s) is plausible. 
However, age group comparisons showed no reductions in relative landing forces between the 
U13-U14 and small increases on the left leg. Significant reductions in landing force were then 
observed in the U15 and U16 age groups. These data may indicate a developmental lag in the 
ability of players to attenuate ground reaction forces upon landing following enhancements in 
jump performance. This could increase the risk of injury and highlights the need for training 
interventions that focus on developing appropriate landing mechanics during periods of rapid 
growth that may result in heightened force production. 
           Relative landing forces in the 75%Hop revealed significant reductions between the 
U14s, U15s and U16s respectively. This may be due to the post-PHV cohort adopting a more 
hip-dominant landing strategy, demonstrated by greater ankle and hip joint stiffness which 
enables more effective force absorption (9). Greater hip flexion upon ground contact provides 
a mechanical advantage to the hamstring musculature, heightening their activation and 
concomitantly reducing quadriceps activation (31). When analyzed by maturation a trend of 
reductions in relative landing force were shown on the left leg although a minor increase was 
present between the circa and post PHV players on the right leg. This could be attributed to 
significant increases in landing force reported in the U18s, which may in part be explained by 
greater jump distances; however, the increase between the U16-U18s was proportional to other 
between group comparisons and only statistically significant on the left leg. Thus, altered 
landing mechanics during single leg tasks appear to be present in U18 players which may 
predispose them to a heightened risk of injury. The majority of participants in the current study 
were right footed, and as such, their preferred stance limb would be their left. Therefore, it is 
plausible to suggest that due to the repeated exposures of soccer training and competitions that 
their left limb may have developed heightened neuromuscular control. 
          Reduced relative ground reaction forces in older and more mature have been reported 
previously in drop jumping (14, 25), with data suggesting that athletes are better able to 
attenuate landing forces with advanced age and maturation (33). Conversely, literature has 
reported that resultant forces are significantly greater in post-PHV than pre-PHV subjects 
during a single leg stride jump task (12) which may be more representative of the 75%Hop 
performed during this study. Hass et al. (12) suggested that with increased age, a more extended 
knee position on landing is adopted, whereas greater knee flexion in younger subjects is a 
strategy to protect internal joint structures. The results of the current study do not support this 
notion due to the youngest (pre-PHV and the U11-U12) and oldest (U18) age group players 
displaying higher relative landing forces. The significant increase in landing forces in the U18 
age group may therefore be a result of the increased training loads required as a full time 
academy scholar, altering their landing strategy. Specifically, alterations in the functional 
hamstring: quadriceps ratio have been shown in male youth soccer players due to muscle 
loading patterns that asymmetrically strengthen the quadriceps during training and 
competitions (15). This alters the reciprocal balance of strength and dynamic stabilization 
around the knee as indicated by compromised function of the hamstrings during high velocity 
actions (15). Increased exposures in the U18 group could have resulted in a more quadriceps 
dominant landing strategy and higher ground reaction forces (13, 14).  
  
SUMMARY AND PRACTICAL APPLICATIONS 
This study provides cross sectional data for single leg jumping and landing performance in a 
large sample of elite male youth soccer players. Our findings may assist practitioners by 
providing normative data for a range of players grouped according to chronological age groups 
or maturation, from which reduced performances and potential injury risk factors can be 
identified.  
          A trend of increased absolute peak landing forces was observed with each incremental 
age group and stage of maturation, whereas relative landing forces demonstrated a more 
variable pattern. Single leg maximum hop distances increased linearly with age and maturation, 
but relative to leg length, a reduction in performance was reported in the U13 age group. This 
could be linked to a period of adolescent awkwardness during which motor control is 
compromized. Following improvements in hop performance as indicated by heightened jump 
distances in the U14, a developmental lag may exist in the attenuation of landing forces and 
this could increase the risk of injury during periods associated with rapid growth. High volumes 
of accumulated soccer training and competitions may also lead to altered landing strategies in 
older athlete’s that are indicative of high injury risk and this risk may be further magnified by 
increases in body mass, limb lengths and velocities of play. Whilst integrated neuromuscular 
training (INT) is recommended at all stages of a young player’s development to enhance 
strength and motor control (21), targeted programs to enhance landing mechanics are advised 
during periods associated with rapid growth. However, to validate these inferences, further 
research is warranted to examine the measures included in this study as potential risk factors 
for injury and the effects of training programs which include resistance training, dynamic 
balance and plyometrics in this cohort. 
 
REFERENCES 
1. Alentorn-Geli E, Mendiguchı´a J, Samuelsson K, Musahl V, Karlsson J, Cugat R, Myer 
GD. Prevention of anterior cruciate ligament injuries in sports - Part I: Systematic 
review of risk factors in male athletes. Knee Surg Sports Traumatol Arthrosc 2014; 22: 
3-15. 
2. Buchheit M, Mendez-Villanueva A, Simpson BM, Bourdon PC. Match running 
performance and fitness in youth soccer. Int J Sports Med 2010; 31: 818-825. 
3. Castro-Pinero J, Ortega FB, Artero EG, Girela-Rejon MJ, Mora J, Sjostrom M, Ruiz 
J.R. Assessing muscular strength in youth: usefulness of standing long jump as a 
general index of muscular fitness. J Strength Cond Res 2010; 24: 1810-1817. 
4. Cohen J.  Statistical power analysis for the behavioural sciences (2nd ed.).  Hillsdale, 
NJ: L. Erlbaum Associates 1988; 284–287. 
5. Dingenenan B, Malfaita B, Vanrenterghemb J, Verschuerena SP, Staesa FF. The 
reliability and validity of the measurement of lateral trunk motion in two-dimensional 
video analysis during unipodal functional screening tests in elite female athletes. Phys 
Ther Sport 2014; 15: 117-123. 
6. Ebben WP, VanderZanden T, Wurm BJ, Petushek, EJ.  Evaluating plyometric exercises 
using time to stabilisation. J Strength Cond Res 2010; 24: 300–306. 
7. FIFA. (2007) FIFA big count 2006: 270 million people active in football. http:// 
www.fifa.com/aboutfifa/media/newsid=529882.html (Accessed 29 March  2010). 
8. Figueiredo AJ, Goncalves CE, Coelho, MJ, Malina RM. Youth soccer players, 11-14 
years: Maturity, size, function, skill and goal orientation. Annals Hum Biol 2009; 36: 
60-73. 
9. Ford KR, Shapiro R, Myer GD, Van Den Bogert AJ, Hewett TE. Longitudinal sex 
differences during landing in knee abduction in young athletes. Med Sci Sports Exerc 
2010; 42: 1923-31. 
10. Gomes JL, de Castro JV, Becker R. Decreased hip range of motion and noncontact 
injuries of the anterior cruciate ligament. Arthroscopy 2008; 24: 1034–1037.   
11. Goosens L, Witvrouw E, Vanden Bossche L and De Clercq D. Lower eccentric 
hamstring strength and single leg hop for distance predict hamstring injury in PETE 
students. Eur J Sports Sci 2015; 15: 436–442. 
12. Hass, CJ, Schick, EA, Chow, JW, Tillman, MD, Brunt, D and Cauraugh, J.H. Lower 
extremity biomechanics differ in prepubescent and postpubescent female athletes 
during stride jump landings. Journal of Applied Biomechanics 2003; 19: 139-152. 
13. Hewett TE, Myer GD, Ford KR, Heidt RS, Colosimo AJ, McLean SG, van den Bogert 
AJ, Paterno MV, Succop P. Biomechanical measures of neuromuscular control and 
valgus loading of the knee predict anterior cruciate ligament injury risk in female 
athletes: a prospective study. AM J Sports Med 2005; 33: 492-501. 
14. Hewett TE, Myer, GD, Ford KR, Slauterback, JR. Preparticipation physical 
examination using a box drop vertical jump test in young athletes. The effects of 
puberty and sex. Clin J Sports Med 2006; 16: 298-304. 
15. Iga J, George K, Lees A. Cross-sectional investigation of indices of isokinetic leg 
strength in youth soccer players and untrained individuals. Scand J Med Sci Sports 
2009; 19: 714-719. 
16. Lloyd RS, Oliver JL, Hughes MG, Williams CA. Age-related differences in the neural 
regulation of stretch–shortening cycle activities in male youths during maximal and 
sub-maximal hopping.  J Electromy Kinesiol 2012; 22: 37-43. 
17. Malina RM, Eisenmann JC, Cumming SP, Riberio B, Aroso J.  Maturity-associated 
variation in the growth and functional capacities of youth football (soccer) players 13-
15 years. Eur J Appl Physiol 2004; 91: 555-562. 
18. Mirwald RL, Baxter-Jones ADG, Bailey DA, Beunen GP.  An assessment of maturity 
from anthropometric measurements. Med Sci Sports Exerc 2002; 34: 689–694. 
19. Myer GD, Ford KR, McLean SG, et al. The effects of plyometric versus dynamic 
stabilization and balance training on lower extremity biomechanics. Am J Sports Med 
2006; 34: 445-455. 
20. Myer GD, Ford KR, Hewett TE. Tuck jump assessment for reducing anterior cruciate 
ligament injury risk. Athl Ther Today 2008; 13: 39–44. 
21. Myer GD, Ford FR, Best TM, Bergeron MF, Hewett TE. When to initiate 
neuromuscular training to reduce sport related injuries and enhance health and youth. 
Curr Sports Med Rep 2011; 10: 157-166. 
22. Nilstad, A, Andersen, TE, Bahr, R, Holme, I and Steffen, K. Risk factors for lower 
extremity injuries in elite female soccer players. Am J Sports Med 2014; 42: 940-948. 
23. Philippaerts RM, Vaeyens R, Janssens M, Van Renterghem B, Matthys D, Craen R, 
Bourgois J, Vrijens J, Beunen GP, and Malina RM. The relationship between peak 
height velocity and physical performance in youth soccer players. J Sports Sciences 
2006; 24: 221–230. 
24. Price RJ, Hawkins RD, Hulse MA, Hodson A.  The football association and medical 
research programme: an audit of injuries in academy youth football. Br J Sports Med 
2004; 38: 466-47. 
25. Quatman CE, Ford KR, Myer GD, Hewett TE.  Maturation leads to gender differences 
in landing force and vertical jump performance: a longitudinal study. Am J Sports Med 
2006; 34: 806–813. 
26. Read PJ, Oliver JL, De Ste Croix MBA, Myer GD, Lloyd RS. Injury risk factors in 
male youth soccer players. Strength Cond J 2015; 37: 1-7. 
27. Read PJ, Oliver JL, De Ste Croix MBA, Myer GD, Lloyd RS. Consistency of Field-
Based Measures of Neuromuscular Control Using Force-Plate Diagnostics in Elite 
Male Youth Soccer Players. J Strength Cond Res 2016; 30: 3304-3311. 
28. Read PJ. Development and validation of a novel movement screen to predict lower 
extremity injury in male youth soccer players (Doctoral dissertation, Cardiff 
Metropolitan University). 2016 
29. Ross S, Guskiewicz K, Gross M and Bing Y.  Balance measures for discriminating 
between functionally unstable and stable ankles. Med Sci Sport and Exerc 2009; 41: 
399-407. 
30. Schmikli SL, de Vries WR, Inklaar H, Backx FJ. Injury prevention target groups in 
soccer: injury characteristics and incidence rates in male junior and senior soccer 
players. J Sci Med Sport 2011; 14: 199-203. 
31. Shultz SJ. and the American Orthopaedic Society for Sports Medicine. Preventive 
training programs: Changing strength ratios versus positions of muscular efficiency. In: 
Hewett TE, Shultz SJ, Griffin LY, editors. Understanding and preventing noncontact 
ACL injuries. Champaign, IL: Human Kinetics; 2007. pp. 91–101. 
32. Small K, McNaughton L, Greig M, Lovell R. The effects of multidirectional soccer-
speciﬁc fatigue on markers of hamstring injury risk. J Sci Med Sport 2010; 13: 120–
125. 
33. Swartz EE, Decoster LC, Russell PJ, Croce RV. Effects of developmental stage and sex 
on lower extremity kinematics and vertical ground reaction forces during landing. J 
Athl Train 2005; 40: 9-14. 
34. van der Sluis A., Elferink-Gemser MT, Coelho-e-Silva MJ, Nijboer JA, Brink MS, 
Visscher, C. Sport injuries aligned to peak height velocity in talented pubertal soccer 
players. Int J Sports Med 2014; 35, 351-355. 
35. Waldén M, Krosshaug T, Bjørneboe J, Andersen TE, Faul O, Hagglund M. Three 
distinct mechanisms predominate in non-contact anterior cruciate ligament injuries in 
male professional football players: a systematic video analysis of 39 cases. Br J Sports 
Med 2015; 49: 1452-1460. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
U11 U12 U13 U14 U15 U16 U18
H
h
o
ri
o
zn
ta
l 
h
o
p
 d
is
ta
n
ce
 (
m
)
Chronological age group (yrs)
a
Right
Left
a b
a
c
d
d
d
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
Pre Circa Post
H
o
ri
zo
n
ta
l 
h
o
p
 d
is
ta
n
ce
 (
m
)
Maturation group
b
Right
Left
i j
k
0
50
100
150
200
250
U11 U12 U13 U14 U15 U16 U18
H
o
p
 d
is
ta
n
ce
 %
 l
eg
 l
en
g
th
Chronological age group (yrs)
c
Right
Left
e e
e, f f
g
h
0
50
100
150
200
250
Pre Circa Post
H
o
p
 d
is
ta
n
ce
 %
 l
eg
 l
en
g
th
Maturation group
d
Right
Left
k
Figures 1 a - d. Absolute and relative single leg hop distances. a significantly different from U14, U15, U16, U18 (P < 0.05); b significantly different from U15, U16, U18 (P 
< 0.001); c significantly different from all other age groups except the U12s (P < 0.05); d significantly different from all other age groups (P < 0.001); e significantly different 
from U16 and U18 (P < 0.05); f significantly different from U14s (P < 0.05); g significantly different from all age groups except U14s (P < 0.05); h significantly different from 
all age groups (P < 0.001); I  significantly different from circa and post PHV (P < 0.05); j significantly different from post PHV (P < 0.001); k significantly different from all 
maturation groups (P < 0.001) 
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Figures 2 a - d. Absolute and relative lading forces. a significantly different from U14, U15, U16, U18 (P < 0.05); b significantly different from U15, U16, U18 (P < 0.05); c 
significantly different from U16, U18 (P < 0.05); d significantly different from the U18s (P < 0.05); e significantly different from all other age groups (P < 0.001); f 
significantly different from U15 and U16 (P < 0.05); g significantly different from U14, U15 and U16 (P < 0.05); h significantly different from U14s (P < 0.05); I  significantly 
different from U12, U15 and U16 (P < 0.05); j significantly different from U11, U12, U13, U14 and U18 (P < 0.05); k significantly different from from all maturation groups 
(P < 0.001) 
 
 
